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Tracking Ocean Fronts

 Ocean front is the
boundary between . N :
two distinct bodies | | e
of water e

* Goal: Repeated
transects across an
ocean front

* Temperature is
shown however any
water property can
be used
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Lateral Gradient Front Detection

* Detect a change in Raw Data Grideing date dT/dx 10 m to 15 m
water property b |
over a transect

* Grid, smooth, and
differentiate
transect data

* Sum data over
SpECI'ﬁed depth Gridding data; Smoothed

e Declare front when
over threshold
value

e Select front from
declared fronts
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Front Delineation and Tracking

* Given multiple vehicles in near
parallel transects

e Estimate a linear front from
detections

* Command vehicles
perpendicular to that front

* Vehicle synchronization is not
guaranteed




Front Delineation and Tracking

* Given multiple vehicles in near
parallel transects

e Estimate a linear front from
detections

* Command vehicles
perpendicular to that front

Start of vehicle transects

* Vehicle synchronization is not
guaranteed



Front Delineation and Tracking

No front detected. Continue
transect in search of front.

* Given multiple vehicles in near
parallel transects

e Estimate a linear front from
detections /

¢ Command Veh|C|eS ° .’/ Minimum transect
perpendicular to that front / length

o
* Vehicle synchronization is not
gu a ra nteed Front detected. Travel specified

distance past detection



Front Delineation and Tracking

* Given multiple vehicles in near
parallel transects

e Estimate a linear front from
detections /
s/

Minimum distance [ )
past front /

. o
e Command vehicles /

perpendicular to that front

* Vehicle synchronization is not
guaranteed o

Stronger front detected,

Finished transect, estimate . .
replace previous detection.

front and turn perpendicular to ®
it.



Front Delineation and Tracking

* Given multiple vehicles in near -
parallel transects

e Estimate a linear front from
d EteCt | O n S Estimate front using front

detections from specified time
period

* Command vehicles
perpendicular to that front

* Vehicle synchronization is not
guaranteed

Finished transect, estimate
front and turn perpendicular to
it.



May 2017 Monterey Bay Deployment

Monterey Bay 2017 Experiment Map

Shana Rae

*  Front Detection
and Estimation
High level vehicle .L\
control

Latitude

Iver AUV (2)
e 2-4 knots
e ~12 hour endurance

lver AUVs
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lver AUV Algorithm Modifications

* lver AUVs must remain in close
proximity for communication
and vehicle safety

* Pause at each decision point
until all vehicles are present

* Every vehicle either continues
transect or turns and starts next
transect

Pause all vehicles

Pause all vehicles



lver AUV Experiment

Iver May 09, May 11 Average Temperature from 10m to 15m
with Front Crossings and Estimations

* Minimum transect -
distance set to 2.5 km / [PR—
past previous estimated

front

e If no front was detected
in initial transect,
continue 2 km
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* \ehicles set to turn

around immediately | T om oo o Cosags
after a front is detected  Lomn 25 o Geomery Exinatons
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Front Detection Metric

Ive3r6|\élg 11 Transect 2 Front Tracking Metric Calculation

 Compare front estimation accuracy of
fixed transects vs front tracking

i106, May 11 1136, May 11

e Baseline Metric: Distance between
initial transect and current front
estimation
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Temperature (°C)

* Front Tracking Metric: Distance
between previous and current front

estimation

Baseline Metric (m) | Front Tracking Metric (m)

Predicted Estimation
Observed Estimation

Average 1619.598 839.393

-122.06 -122.04 -122.02 -122.00
Longitude

Std Dev  943.674 523.301




Conclusion

* Develop method for autonomous tracking of ocean fronts using
multiple vehicles

 Demonstrated a proof of concept in Monterey Bay, CA with two lver
JAYUAVAS

* Introduced a quantitative metric to evaluate the performance of front
tracking algorithms



Future Work

* More deployments and testing
* Direct comparison between fixed transects and front tracking

* Adding the capabilities to distinguish between fronts
* Warm-to-Cold vs. Cold-to-Warm
e Sharp vs. gradual

* Higher fidelity front model

* Develop an on-board version of the algorithm
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